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-Listeria monocytogenes is a dangerous intracellular 
pathogen that alone is responsible for 19% of deaths from 
foodborne infections.1
-Propionate is a common food preservative and a major 
fermentation acid found in the intestines.
-Exposure of foodborne pathogens to propionate is likely 
frequent, but it is not clear how pathogens, such as L. 
monocytogenes, respond to propionate, particularly in the 
absence of oxygen where propionate is found.
-In this study, we investigated the effects of propionate 
exposure on L. monocytogenes growth and virulence factor 
production under anaerobic conditions.
1Scallan, E. 2011. Emerging Infect. Dis.
-By studying growth and virulence factor production in 
response to propionate under aerobic and anaerobic 
conditions, we will have a more in depth understanding of L. 
monocytogenes behavior during transmission.
-Moreover, our study will help strengthen our ability to use 
propionate as an antimicrobial food additive.
-With the results, we will also be able to explore propionate 
as a potential therapeutic or preventative agent against L. 
monocytogenes.
I. In Vitro Growth II. Metabolism IV. Infection
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Introduction
-The wildtype Listeria monocytogenes strain 10403s was 
used in this study and for all experiments was grown 
overnight in filter-sterilized brain heart infusion (BHI) media. 
-For aerobic, planktonic growth, bacteria were grown in a 
37°C incubator with shaking at 250 rpm. For anaerobic 
growth, bacteria were grown statically at 37°C in a 
temperature-controlled incubator in an anaerobic chamber 
(Coy Laboratory, Type A). The Chamber contains a 
nitrogenous atmosphere with 2.5% hydrogen.
-Concentrations of acetoin, ethanol, and lactate were 
determined using colorimetric assays. Fatty acid composition 
was determined using FAME by Microbial ID Inc.
-LLO production was determined by hemolytic assays and a 
hly transcriptional reporter assay. L. monocytogenes isolates 
were obtained from lettuce leaves from an organic garden 
following enrichment and isolate protocols established by 
FDA.2
-RAW264.7 macrophages were used in a standard gentamicin 
protection assay to monitor L. monocytogenes intracellular 
growth at MOI of 10 after 30 minutes of infection.
2https://www.fda.gov/Food/FoodScienceResearch/LaboratoryMethods/ucm0643
05.htm (accessed on Jul 3, 2017).
Propionate supplementation resulted in increased aerobic L. 
monocytogenes adherent growth
-Supplementation of propionate altered L. 
monocytogenes adherent growth in 
polystyrene 96-well plates. 
-These results suggested a potential role of 
oxygen in modulating how propionate 
affects L. monocytogenes adherence to and 
growth on surfaces.
Propionate perturbation resulted in an inhibitory effect on L. 
monocytogenes planktonic growth 
(Top)
-Supplementation of 
exogenous propionate did not 
inhibit L. monocytogenes
planktonic growth in BHI at 
37°C under aerobic (A) or 
anaerobic (B) conditions 
(Bottom)
-When L. monocytogenes
growth was measured in BHI 
buffered at pH 6.0 (A), 7.0 (B), 
or 8.0 (C), we found a pH-
dependent effect of 
propionate under aerobic but 
not anaerobic conditions 
-These results suggest that the 
inhibitory effect of propionate 
on L. monocytogenes
planktonic growth in BHI is 
heavily influenced by pH and 
the presence or absence of 
oxygen.
Propionate perturbation on L. monocytogenes can
influence central carbon metabolism 
-Propionate supplementation resulted in a 
decrease in ethanol concentration under 
both aerobic and anaerobic conditions.
-Propionate supplementation resulted in 
an increase in acetoin concentration under 
aerobic conditions.
-Propionate supplementation resulted in increased proportions of 
straight chain fatty acids and a concurrent decrease in the proportions of 
branched chain fatty acids under both aerobic and anaerobic conditions.
Propionate perturbation on L. monocytogenes LLO 
production suggests a potential impact on pathogenesis 
-To determine whether L. 
monocytogenes virulence regulation 
is modulated by propionate, we 
measured the production of 
listeriolysin O (LLO), one of the main 
virulence factors of L. 
monocytogenes.
-We noted a dramatic decrease in the 
culture supernatant LLO activity in 
aerobic cultures supplemented with 
propionate, compared to that in 
aerobic cultures without propionate. 
In contrast, under anaerobic 
conditions, propionate 
supplementation resulted in an 
increase in LLO activity. Similar results 
were observed in environmental 
isolates, supporting the relevance of 
our findings.
- The results suggest a potential 
impact of propionate on L. 
monocytogenes pathogenesis and 
further highlight that the response to 
propionate was influenced by the 
presence or absence of oxygen. 
-The results of our study show a notable impact of propionate in an 
oxygen dependent manner on L. monocytogenes planktonic and 
adherent growth, carbon metabolism, changing ethanol and acetoin 
production, as well as fatty acid composition.
-The production of the virulence factor, LLO, was also sensitive to 
regulation by propionate in an oxygen-dependent manner which is an 
important finding in the pathogenesis of L. monocytogenes.
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-Propionate supplementation resulted in an increase in intracellular 
CFU only for bacteria grown anaerobically with propionate at 2 hpi (a) 
but no significant difference in intracellular growth (b).
-Intracellular growth of aerobically grown L. monocytogenes was 
decreased in propionate-treated macrophages (c).
Significance
Methods III. LLO Production
c
Propionate exposure alters L. monocytogenes 
intracellular infections in macrophages
Conclusion
